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Integration of magnetic resonance (MR) imaging into the radiotherapy 
workflow is becoming more and more common. In the situation where 
the target volume is primarily defined on the MR images, the CT will 
only play technical role in the workflow, i.e. as basis for the dose 
calculation and positioning reference. One could therefore question if 
the CT study is really necessary for some diagnoses and patient 
groups. Exclusion of CT could actually be an improvement when 
avoiding the registration uncertainty between CT and MR in the 
planning phase of the treatment. 
Treatment planning based on MR data is, however, not straight 
forward. The lack of electron density information needs to be 
mitigated and appropriate sequences need to be chosen to avoid 
geometrical distortions and enable visualization of fiducial makers, if 
present. The information from the MR study have to fulfill the 
demands for all the steps of the workflow, target definition, 
treatment planning, dose calculation and  as a reference for patient 
positioning at treatment.  
The presentation will provide an overview of the current status of 
fully MR based radiotherapy and outline the potential benefits and 
remaining problems. 
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In the current radiotherapy clinic, MRI is used to support tumour and 
organ at risk delineations as well as tumour characterisation because 
of its superior soft tissue contrast. Moreover, MRI can visualise soft-
tissue structures in real-time. Integrated MRI radiotherapy systems 
promise to visualise soft-tissue structures in real-time during radiation 
delivery. This enables MRI-guided radiotherapy with real-time feed-
back directly on the tumour position and shape, without the need for 
surrogates. The dynamics of anatomical motion range from daily 
patient positioning variations, to rectal and bladder filling and 
peristalsis on a scale of minutes, to breathing related motion and 
unintended patient motion on a scale of seconds. In the present talk 
we examine potential MR-guided radiotherapy work flows for such 
integrated systems that may be applied to account for these different 
classes of motion and discuss sequences that facilitate these work 
flows. 
The simplest work flows are those where MR imaging is used only for 
set-up correction and position verification. A 3D data set can then be 
acquired to be registered against any pre-treatment data sets. It 
makes sense to acquire the on-line set with the same settings and 
contrast as one of the pre-treatment sets, to aid the registration 
process. Naturally, in the choice for sequences used for MRI-guided 
radiotherapy we must keep in mind that a high geometrical accuracy 
must be reached. 
More advanced treatment strategies characterise and follow the 
motion of targets as well as organs at risk, with the aim to , with the 
aim to reduce normal tissue involvement as much as possible. 
Moreover,having on-line motion characteristics of targets and OARs 
enables dose accumulation to determine the influence of motion on 
the treatment. This is also valuable for the cases where no motion 
compensation is performed. Both in pre-treatment imaging session 
and during the therapy itself, motion characterisation and organ 
tracking require a high frame-rate while a sufficiently high signal-to-
noise ratio, resolution and coverage must be maintained. Ideally, the 
tumour is still depicted with adequate contrast to its 
surroundings.Pencil-beam navigators are a good option for the cases 
where the main mode of motion is a translation along a single axis. 
Demonstrations of gated as well as tracked delivery on the basis of 
feed-back from pencil-beam navigators have been performed. For 2 
and 3Dacquisition, the flexible and fast bSSFP sequence family (in 
combination with speed-up strategies like parallel imaging,under-
sampled radial acquisition, etc.) is up to these challenges.Model-
based acquisition and reconstruction techniques may be used to 
exploit periodicity as well as to derive motion in the large treatment 
volume from a limited amount of information.  
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MRI guided brachytherapy has during the last decade gained much 
interest, in particular for brachytherapy in cervical cancer. Promising 
mono-institutional outcome data as well as favourable dosimetric 
comparisons has promoted this new technique into many institutions. 
The new technique requests optimal quality from the MR images, and 
GEC ESTRO recommendations have been published on MR imaging for 
cervix cancer brachytherapy (Dimopoulos et al, RO 2012). 
Furthermore, there is upcoming interest in MRI in prostate 
brachytherapy, since multiparametric MRI is increasingly being 
recognized as an accurate diagnostic imaging modality for prostate 
cancer. Functional imaging such as DCE MRI and DWI is being 
investigated for increased sensitivity and specificity of tumour 
identification and characterization in both cervix and prostate 
brachytherapy. 
MR images in brachytherapy serves the primary purpose of tumour 
contouring. Secondly, MRI is used for OAR contouring.The third role of 
the images is to visualise the brachytherapy applicator. This 
information is needed for reconstruction of the applicator which is 
identification of the source path and source dwell positions. These 
different purposes of imaging may be accomplished by one or several 
image sequences. For contouring, the T2 weighted imaging is used 
with orientation according to the applicator: para-transversal, para-
coronal and sagittal. Other sequences may be applied in addition to 
provide good visualization of the applicator. In MRI guided EBRT, the 
lack of electron densities on MR images is a challenge. However, 
brachytherapy dose calculation in the pelvic region does not require 
heterogeneity corrections, and dose planning and calculation can be 
performed directly on MRI.   
Applicators have to be MRI-compatible in order to avoid image 
distortion, heating and mechanical tissue injuries. Non-metallic (e.g. 
plastic) and titanium applicators are commercially available. Non-
metallic applicators appear as black voids in the images. Although 
titanium applicators are MRI-compatible, they do induce susceptibility 
artifacts –particularly in regions of considerable material thickness 
which is at the end of the tandem, needle, ovoid, and ring channels. 
In particular with 3 T MRI, titanium applicators may compromise the 
image quality due to susceptibility artifacts. The titanium artifacts 
depend on image sequence and may extend beyond 5-10 mm on 3 T 
T2-weighted sequences whereas they may be less than 3-5mm on 3 T 
T1-weighted MRI.  
Diffusion Weighted MRI (DW-MRI) has shown great potential in 
diagnostic cancer imaging and may have value for monitoring tumor 
response during radiotherapy. An important obstacle to be overcome 
is the pronounced sensitivity of EPI based DW-MRI to B0 
inhomogeneity, leading to geometrical distortions which are further 
amplified due to the intra-cavitary applicator. Voxel displacements of 
2-5mm are common in the region of the applicator, and registration 
between DWI and e.g. T2W images requires a correction for the 
distortions. B0 correction is a promising tool for improved geometric 
accuracy of DWI. 
MRI is an important image modality for brachytherapy.Certain 
geometric QA related to the imaging sequences used is needed, 
however, for most potential combinations of scanners, sequences and 
BT equipment it is feasible to develop dedicated imaging protocols in 
order to obtain geometric stabilities which are acceptable for BT dose 
planning. 
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Health education has evolved and is now commonly based on core 
competences defined through learning outcomes. The recent third 
